Determining total energy expenditure (TEE) and its components in children treated with home parenteral nutrition (CHPN) under free-living conditions is an important consideration in the assessment of energy requirements and the maintenance of health. The aim of this study was to assess TEE and physical activity in CHPN. Eleven CHPN (three girls and eight boys; median age, 6.0 y; range, 4.5-15.0 y) were compared with 11 healthy children (three girls and eight boys; median age, 6.0 y, range, 4.5-14.0 y) after pairing for sex, age, and weight. Underlying diseases included chronic intractable diarrhea (n ϭ 5), short bowel syndrome (n ϭ 3), and intestinal dysmotility (n ϭ 3). None of these children had inflammatory disease or recent infection when studied. Fat-free mass (FFM), measured by body impedance analysis, fat mass (FM), measured by skinfold thickness, and energy intake were similar between the two groups, suggesting that CHPN had normal body composition and energy intake. Resting energy expenditure (REE), measured by indirect calorimetry, and TEE, assessed by a technique using 24-h heartrate monitoring calibrated against indirect calorimetry and physical activity using a triaxial accelerometer, were simultaneously recorded and were also similar in the two groups. Parenteral nutrition (PN) is a lifesaving procedure in children with gastrointestinal tract failure, which is defined as inadequate absorption of nutrients and electrolytes and includes diseases such as chronic intractable diarrhea, short bowel syndrome, and severe intestinal dysmotility (1). This technique is used to supply the appropriate nutrients and fluids to these children, and has recently been used increasingly both in hospitals and at home (2), resulting in an appreciable improvement in these patients ' well-being (3 
Parenteral nutrition (PN) is a lifesaving procedure in children with gastrointestinal tract failure, which is defined as inadequate absorption of nutrients and electrolytes and includes diseases such as chronic intractable diarrhea, short bowel syndrome, and severe intestinal dysmotility (1) . This technique is used to supply the appropriate nutrients and fluids to these children, and has recently been used increasingly both in hospitals and at home (2) , resulting in an appreciable improvement in these patients' well-being (3) . Estimation of the energy requirements of children treated with HPN (CHPN) is an important consideration in the maintenance of their health. Energy requirements vary according to age, medical condition, and nutritional status. Several methods can be used (26.5-70 .9%), 15.5% (11.6 -18.0%), and 38.7% (14.6 -57.8%), respectively. Five children were nourished by PN only, and the remaining six were fed orally to a limited extent. CHPN were recruited from the Jeanne de Flandre Hospital, Lille, France (n ϭ 7), and the Robert Debré Hospital, Paris, France (n ϭ 4). Children with malignancies, cystic fibrosis, or Crohn disease were excluded. Control children were recruited from among the children of the staff at the Jeanne de Flandre University Children's Hospital (n ϭ 11). All control children passed a thorough physical and medical examination and were considered healthy. None of these children had inflammatory disease or recent infections when studied and had no medical history that could modify EE metabolism. CHPN had frequent biologic check-ups, including serum inflammatory markers, anemia, and other serum biochemical parameters in the routine follow-up. All measurements for serum inflammatory markers, anemia, and other serum biochemical parameters were normal in each patient. None of them presented renal impairment or blood electrolytic disturbance at the time of the study. Body temperature was normal for all subjects before the IC calibration procedure and the TEE measurement.
All control subjects were paired for age, weight, and pubertal status with CHPN (Table 2) .
Before the study began, the purpose and objectives were carefully explained to each subject. Informed consent was obtained from the children and their parents. The study was approved by the Lille University Research Ethics Committee (Comité Consultatif de Protection des Personnes dans la Recherche Biomédicale, Lille, France). All procedures were performed in accordance with the ethical standards of the Helsinki Declaration of 1975, as revised in 1983, and French Good Clinical Practices (1987) .
Body composition. On the day of the test, each child arrived by car at the Clinical Investigation Center of Lille (CIC-9301-INSERM-CHU) or Paris (CIC-9202-INSERM-AP-HP) at 0800 h. Control subjects fasted from 2000 h the previous day, and parenteral infusion was interrupted by 0800 h on the previous day for CHPN (Fig. 1 ). Weight and height were measured. The child then rested recumbent on a hospital bed for 15 min. Body resistance was measured using a body impedance 50-Hz meter (BIA 101/S, RJL Systems, Clinton Township, MI, U.S.A.), and FFM was calculated with the Schaefer formula (10) .
Left skinfold thicknesses (triceps, biceps, subscapular, and suprailiac) were measured to the nearest 0.1 mm with a Har- 12) . Z-score height/age and weight/age were calculated using Sempé's tables (13) . As patients treated with HPN were studied at two centers-in Lille and Paris-two different observers were involved in gathering the anthropometric data. The Harpenden calipers were similar in the two centers and the two observers (L.B. in Lille and R.H. in Paris) trained together and were tested with this technique. The equipment and procedures to assess anthropometric data were strictly the same. Energy intake. Energy intake was evaluated for 7 d before the study. Subjects recorded diurnal food intake or PN infusion on a specific report form. Instructions were given to each patient or the patient's parents on how to keep accurate records, and the parents assisted the children in identifying, quantifying, and recording the foods consumed. Dietary records were checked by a dietitian and analyzed using BIL-NUT software (Nutrisoft version 6, Paris, France) (14, 15) . For CHPN, total energy intake was the sum of the oral food intake and PN.
TEE. TEE was assessed by the 24-h HRMT calibrated against IC. For standardization, all subjects were studied on a school day that had no sporting activities. Twenty-four-hour TEE was studied in CHPN on a day when they had received nocturnal PN. HRMT was performed as previously reported (16, 17) . This technique is accurate, noninvasive, inexpensive, robust, socially acceptable, and indicates the pattern of the activity, i.e., diurnal energy expenditure (DEE) and SEE can be computed separately from TEE. In brief, this technique involves a two-step procedure. First, there is a calibration period that includes different activities such as resting and postprandial periods and different levels of PA on a cycle ergometer, during which the HR is simultaneously recorded together with EE measured by IC using a Deltatrac II (Datex Omheda, Helsinki, Finland). This calibration period is used to define an individual polynomial third-order equation (P3) between the HR and EE data. Then, HR is recorded minute-by-minute for 24 h using a Holter recorder. Finally, EE is computed using P3 and HR data of the 24-h recording. SEE was computed using a method recently developed (18) The thermogenic effect of nocturnal parenteral feeding was calculated as DIT according to the formula DIT ϭ SEE Ϫ REE ϫ 0.9 (18) .
PA. PA was measured in kilo count (kcount) that is the triaxial acceleration unity, simultaneously with TEE assessment, over 24 h using a triaxial accelerometer (TriTrac-R3D, Professional Products, Reining International, Madison, WI, U.S.A.) on a school day that had no sporting activities. TriTrac-R3D has been shown to be reliable (19, 20) and accurate 686 (21) (22) (23) (24) in the detection of body movement. It was worn firmly attached to the right anterior torso of the subject at the level of the waist, perpendicular to the mid-line of the anterior thigh. The location was consistent for all subjects. All data recorded (written in an activity diary) during motorized movement (car, bus, etc.) were deleted from the analysis of PA.
Statistical analysis. Variables were compared using the nonparametric Wilcoxon paired rank test (differences were deemed significant at p Ͻ 0.05). Correlations were tested using Spearman test with significance set at p Ͻ 0.05. Statistical analyses were performed using SPSS (SPSS 7.0 for Windows, SPSS Inc., Chicago, IL, U.S.A.). EE, PA, and energy intake. REE, PA, and energy intake did not differ between the two groups (Table 3 and Fig. 1) . Because of variable durations of awake and sleeping periods, EE data were expressed per minutes. TEE, DEE, and SEE computed with HRMT are shown as a box-plot in Figure 2 , and were very similar in the two groups. TEE was 3.4 kJ/min (range, 2.2-7.6 kJ/min) for CHPN versus 3.3 kJ/min (range, 2.8 -6.5 kJ/min) for controls; DEE was 3.9 kJ/min (range, 2.6 -9.5 kJ/min) for CHPN versus 4.9 kJ/min (range, 3.4 -8.4 kJ/min) for controls; SEE was 3.1 kJ/min (range, 1.6 -5.1 kJ/min) for CHPN versus 2.5 kJ/min (range, 2.0 -4.3 kJ/min) for controls. Moreover, TEE and DEE expressed per kilogram of FFM were very similar in the two groups: TEE was 0.19 kJ/min/kg FFM (range, 0.13-0.27 kJ/min/kg FFM) versus 0.18 kJ/min/kg FFM (range, 0.12-0.24 kJ/min/kg FFM) for CHPN and control children, respectively; and DEE was 0.21 kJ/min/kg FFM (range, 0.14 -0.37 kJ/min/kg FFM) versus 0.25 kJ/min/kg FFM (0.14 -0.38 kJ/min/kg FFM) for CHPN and control children, respectively. However, the median of SEE expressed per kilogram FFM was significantly greater (33.3%) in the CHPN group (0.15 kJ/min/kg FFM; range, 0.10 -0.23 kJ/min/kg FFM) than in the control group (0.12 kJ/min/kg FFM; range 0.09 -0.21 kJ/min/kg FFM) (p Ͻ 0.05, Wilcoxon rank test), as shown in Figure 3 . Figure 4 
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DISCUSSION
PN is a time-consuming and intrusive procedure. The presence of a stoma and a central venous catheter can decrease routine diurnal PA in patients treated with PN. Modifications to the level of PA as well as reduced TEE should be anticipated, and could interfere with energy requirements. The best way to assess the energy needs of children is to measure TEE (25) . Our study evaluated the impact of PN on TEE and PA in CHPN using HRMT and triaxial accelerometry. To the best of our knowledge, the present study is the first to address the question of TEE and PA in children treated with a HPN program. Twenty-two subjects participated in this study: none were obese, weights were in the normal range for age, FFM and Z-scores for weight/age did not differ between the two groups of children. FFM was performed using a 50-Hz bioimpedance meter that was validated for use in children (10) . Z-scores for weight/age of both controls and CHPN were in the normal range for age, but were very wide in CHPN (13) . Z-scores for weight/age of both controls and CHPN were in the normal range for age, but were significantly lower in CHPN group (13) . Moreover, BMI of CHPN was significantly higher than in controls. There was a trend for the FM to be higher in CHPN than in the control group (p ϭ 0.09). These finding could indeed indicate that CHPN have growth failure compared with normal children. As none of the CHPN patients had growth retardation, the other explanation is that CHPN patients showed a trend to be fatter than normal children (Table 1) . When we paired our patients with controls, we probably favored weight rather than height agreement. We do not think that these differences could have influence results of EE inasmuch as REE and PA were similar (p ϭ 0.929 and p ϭ 0.859, respectively) in the two groups.
The power of our study to show a significant difference in TEE (the main criteria of our study) could be calculated a posteriori according to the results we found. Using data (mean: 1 ϭ 5825 kJ/d, 2 ϭ 5425 kJ/d, ⌬ ϭ 400 kJ/d; and SD: SD 1 ϭ 2370 kJ/d; SD 2 ϭ 1580 kJ/d) and a unilateral test with ␣ ϭ 5%, the power of our test is 1 Ϫ ␤ ϭ 13.5% (Z 1-␤ ϭ 1.165). This poor power indicates that the number of subjects needed to give a statistical difference was not obtained. Using a unilateral test, ␣ ϭ 5% and 1 Ϫ ␤ ϭ 80%, the number a subjects needed to detect a significant difference of 7% would be 383 per group. Due to the constraints (technical and strict inclusion criteria) of this study and the relatively low number of children on HPN in the participating centers (100 total in France distributed among five HPN authorized centers, two of which participated in this study), it was not possible to include more patients. However, results obtained in patients and con- (Fig. 2) and p values were quite high, which supported our conclusions. Eight children presented diseases associated with potential nutrient losses, chronic intractable diarrhea (n ϭ 5) and short bowel syndrome (n ϭ 3), and six children had a stoma. An increased energy intake could be hypothesized in such conditions. Surprisingly, the TEE of these children were not different from paired controls. This could be explained by the fact that all these patients were in stable condition on HPN when studied, and oral intakes were very limited (median ratio parenteral/oral intake: 99.7%; range, 44.4 -100%) to limit diarrhea, stoma output, and nutrient losses.
REE was similar between two groups (Table 3) . Respiratory quotient (RQ), measured by IC at rest, was similar in the two groups, median, 0.8 (range, 0.7-0.75) for CHPN versus 0.8 (0.71-0.78) for controls, and was in agreement with previous data published for PN in adults (26 -28) . This finding suggests that CHPN have a normal fasting metabolism and are able to 
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mobilize fat stores and oxidated fatty acids after a overnight fast, as controls (29 -32) . As shown in Table 1 , the distributions of the intake of glucids, protein, and fats were similar in the two groups. Our data on TEE clearly show that HPN in children with digestive disease interferes with neither TEE nor PA. TEE was 4,917.4 kJ/d (range, 3,197.3-10,943.8 kJ/d) for CHPN versus 4,766.7 kJ/d (range, 3984.1-9391.1 kJ/d) for controls, and were consistent with those obtained from children and adolescents using the doubly labeled method (33) (34) (35) . TEE computed by HRMT can separate DEE from SEE using the method recently described (18) . SEE of CHPN and controls were in accordance with those obtained from children and adolescents using IC (27, 36 -37) . DEE and SEE were similar in the two groups, suggesting that CHPN have the same routine DEE and PA as normal children. Therefore, nocturnal PN does not affect routine diurnal PA or time of sleep (time spent sleeping did not differ between the two groups). This could account for the contribution of FFM to REE and SEE (38 -44) . SEE expressed per kilogram FFM was significantly greater in the CHPN group. In patients receiving HPN, SEE measured was above SEE calculated by the formula REE ϫ 0.9, which was shown to be accurate in fasting normal children (18) . Indeed, we hypothesized that the difference between measured SEE and calculated SEE by the formula REE ϫ 0.9 was due to the DIT. This was suggested by the high correlation between SEE expressed in kilojoules per minute per kilogram FFM and the energy rate perfused by PN expressed in kilojoules per minute per kilogram of weight. This high correlation could be attributed to the thermogenic effects of nocturnal PN (32, (45) (46) (47) . Indeed, when DIT was calculated as the additional EE (Fig. 5) above SEE (SEE ϭ REE ϫ 0.9) (18), which was in accordance with data previously published (32, 48 -52), a high correlation was shown between the percentage of DIT for infused energy and the energy flow rate infused by PN.
PA can be considered an important determinant of the quality of life. Accelerometry indicated similar levels of routine PA in the two groups. In contrast, a previous study of adults showed severely reduced levels of PA and a reduction in the quality of life in patients with HPN compared with subjects with short bowel syndrome not receiving PN (53) . This reduction in the quality of life was attributed to a severe decrease in PA. In fact, the severe decrease in PA observed in adults was probably due to the low employment rate among these patients, and perhaps to the difference in severity of the underlying digestive disease between adults and children. All the CHPN in our study could attend school and had apparently normal routine diurnal activities.
Our results suggest that the energy requirements of children on long-term cyclic HPN are no different from those of controls, and that PN does not interfere with PA. The energy requirements of CHPN in a stable condition presenting with digestive disease are the same as for healthy control subjects. 
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